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Description 

BICYCLE ELECTRONIC CONTROL DEVICE 
WITH A RESET FUNCTION 

Background of Invention 

[0001] The present invention is directed to bicycles and, more 
particularly, to electronic control devices for bicycles. 

[0002] Recently, some bicycles have been equipped with elec- 
tronic control devices that have built-in computer chips. 
Examples of such control devices include devices for au- 
tomatically shifting gearshift devices depending on bicycle 
speed, and devices for controlling display devices that 
display bicycle speed, travel distance, and the like. 

[0003] Sometimes a programmed microprocessor may experi- 
ence a system error due to electrical noise or some other 
disturbance, or to a programming bug or the like, thus 
causing the program to enter the wrong routine and caus- 
ing the gearshift devices and/or display devices to mal- 
function, for example. Some electronic control devices are 
equipped with a reset switch to return the microprocessor 



to the appropriate routine. Conventional reset switches 
include those disposed inside the control device but visi- 
ble through a round access hole, typically about 2 mm in 
diameter, wherein reset switch is pressed using the tip of 
a ballpoint pen or some other pointed object. Operating 
the reset switch sends a reset signal to the reset terminal 
of the microprocessor, and the microprocessor resets ac- 
cordingly. 

[0004] since a bicycle typically is used outdoors, such a reset 

switch creates the risk of water and dust entering the ac- 
cess hole and into the control device. Also, since the ac- 
cess hole is relatively small, it is not possible to perform 
the reset operation if no pointed object for performing the 
reset operation is readily available, thus creating great in- 
convenience to the rider. 

[0005] Some devices address such problems by eliminating the 
manually operated reset switch entirely. In these devices, 
it is necessary to carry out the reset operation by inter- 
rupting the power supply, such as by disconnecting a bat- 
tery used as the power supply. However, this requires a 
substantial amount of work by the rider, thus also creat- 
ing great inconvenience to the rider. 
Summary of Invention 



[0006] The present invention is directed to various features of a 
bicycle control device that has a reset function. In one 
embodiment, an electronic control device for controlling a 
controlled device installed on a bicycle comprises a pro- 
grammed computer that controls the control device. A re- 
set circuit that receives information related to a traveling 
condition of the bicycle provides a reset signal to the 
computer in response to the occurrence of a predeter- 
mined traveling condition. Additional inventive features 
will become apparent from the description below, and 
such features alone or in combination with the above fea- 
tures may form the basis of further inventions as recited 

in the claims and their equivalents. 
Brief Description of Drawings 

[0007] pig. 1 is a side view of a particular embodiment of a bicy- 
cle; 

[0008] pig. 2 illustrates connections among an internal hub 
transmission, a shift control unit, and a hub dynamo; 

[0009] Fig. 3 is a side view of components in the shift control 
unit; 

[0010] Fig. 4 is a top view of components in the shift control unit; 
[001 1] Fig. 5 is a more detailed view of a shift controller mounted 



to the handlebar; 

[0012] pig. 6 is a schematic block diagram of the electronic com- 
ponents of the shift control unit; 

[0013] pig. 7 is a block diagram of a particular embodiment of a 
control element with a reset function; and 

[0014] Figs. 8-11 are block diagrams of additional embodiments 

of a control element with a reset function. 
Detailed Description 

[0015] Fig. 1 is a side view of a particular embodiment of a bicy- 
cle. This bicycle is a recreational bicycle comprising a 
frame 1 having a double-loop frame body 2 formed from 
welded tubes, a front fork 3 mounted to the frame body 2 
for rotation around a diagonal axis, a handlebar compo- 
nent 4, a drive component 5, a front wheel 6 on which a 
dynamo hub 8 with brakes is mounted, a rear wheel 7 on 
which an internal shifting hub 10 is mounted, a saddle 11, 
a shift control unit 12 to control shifting of the internal 
shifting hub 10, and a shift controller 20 for manually op- 
erating the shift control unit 12. 

[0016] The handlebar component 4 comprises a handle stem 14, 
fastened to the upper part of the front fork 3, and a han- 
dlebar 15 fastened to the handle stem 14. Brake levers 16 
and grips 17 are mounted on both ends of the handlebar 



15. In this embodiment, the shift controller 20 is inte- 
grated with the right-side brake lever 16. The drive com- 
ponent 5 comprises a crank 37, mounted on the lower 
part (bottom bracket component) of the frame body 2, 
and a chain 38 that engages the crank 37 and the internal 
shifting hub 10. The internal shifting hub 10 is capable of 
producing three speed steps, including a low speed step 
(speed 1), an intermediate speed step (speed 2), and a 
high speed step (speed 3). These three speed steps can be 
selected by means of a motor unit 29 (Fig. 3) in the shift 
control unit 12. The dynamo hub 8 of the front wheel 6 
can be fitted with a roller-type front brake, and it houses 
an alternating current dynamo 19 (Fig. 6) that generates 
electricity in response to the rotation of the front wheel 6. 
As shown in Fig. 2, the shift control unit 12 is electrically 
connected to the alternating current dynamo 19 housed in 
the dynamo hub 8 by electrical wiring 40, and it is electri- 
cally connected to the shift controller 20 by electrical 
wiring 41. The shift control unit 12 is mechanically con- 
nected to the internal shifting hub 10 by a shift control 
cable 42. 

[0017] a s shown in Figs. 3 and 4, the shift control unit 12 com- 
prises a lamp case 13 mounted to a lamp stay 3a located 



midway along the front fork 3 for housing a lamp 18. The 
motor unit 29 and a circuit unit 30 are housed in the lamp 
case 13. The motor unit 29 comprises an electric shifting 
motor 45, a cable operating component 46 which moves 
into three shifting positions by means of the shifting mo- 
tor 45, and a position sensor 47 (Fig. 6) to detect the shift 
position of the cable operating component 46. One end of 
the shift control cable 42 is connected to cable operating 
component 46. The circuit unit 30 comprises a control el- 
ement 25 (Fig. 6) containing a microprocessor 50 (Fig. 7) 
comprising a CPU, RAM, ROM, and an I/O interface. 
[0018] As shown in Fig. 5, the shift controller 20 comprises two 
operating buttons 21 and 22 in the form of triangular 
pushbuttons disposed next to each other, an operating 
dial 23 disposed above the operating buttons 21 and 22, 
and a liquid crystal display device 24 disposed to the left 
of the operating dial 23. The operating button 21 on the 
left side may be used for manually shifting from the low 
speed step to the intermediate speed step and to the high 
speed step. The operating button 22 on the right side may 
be used for manually shifting from the high speed step to 
the intermediate speed step and to the low speed step. 
The operating buttons 21 and 22 also may be used to lock 



the internal shifting hub 10 in the low speed step regard- 
less of bicycle speed, or to limit the operation of the in- 
ternal shifting hub 10 to the upper or lower two adjacent 
speed steps. 

[0019] The operating dial 23 is used for switching between eight 
automatic shifting modes (Al - A8) using eight detent po- 
sitions. The eight automatic shifting modes (Al - A8) are 
modes for automatically shifting the internal shifting hub 
10 according to a bicycle speed signal derived from the 
alternating current dynamo 19. The eight automatic shift- 
ing modes (Al - A8) are designed to allow the rider to set 
shift timing (i.e., the threshold speed values at which 
shifting will occur) for upshifting (shifting from low speed 
to high speed) and downshifting (shifting from high speed 
to low speed) according to the rider"s desire and physical 
capability. 

[0020] pig. 6 is a block diagram illustrating the structure of the 
overall bicycle control system. Heavy lines in Fig. 6 indi- 
cate lines carrying about 1 A of current, solid lines indi- 
cate lines carrying about 5 mA of current, and dotted lines 
indicate signal lines. Control element 25 is operatively 
coupled to an operating switch 26 (which schematically 
represents the operating dial 23 and operating buttons 21 



and 22 in the shift controller 20); to the liquid crystal dis- 
play device 24; to a motor driver 28; to a power storage 
element 32; to a charge control circuit 33; to a dynamo 
waveform shaping circuit 34 that generates a speed signal 
derived from the output of the alternating current dynamo 
19; to an auto light circuit 35 to the light sensor 36 
(illumination sensor) for controlling the operation of lamp 
18; to the position sensor 47 of the motor unit 29, and to 
other input/output components. 
[0021] Control element 25 includes a programmed microproces- 
sor 50 (Fig. 7) that automatically controls shifting of the 
internal shifting hub 10 via motor driver 28 and motor 
unit 29 according to travel speed, and it controls the in- 
formation (e.g., bicycle speed and speed step) displayed 
on the liquid crystal display device 24 disposed in the 
shift controller 20. Motor driver 28 operates on a 1 mA 
current supplied by the power-storage element 32, and it 
controls a 1A current supplied by the power storage ele- 
ment 32 to operate the shifting motor 45. In this embodi- 
ment, liquid crystal display 24 has a microprocessor (not 
shown) separate from the microprocessor 50 of the con- 
trol element 25, and that microprocessor is designed to 
carry out display control on the basis of information from 



control element 25. 
[0022] Control element 25 also controls lamp 18 through auto 
light circuit 35 by turning lamp 18 on when surrounding 
light conditions fall below a certain prescribed brightness, 
and by turning lamp 18 off when surrounding light condi- 
tions are above the prescribed brightness. More specifi- 
cally, auto light circuit 35 supplies or interrupts the 1A 
current output from the alternating current dynamo 19 to 
the lamp 18 in response to on/off signal output from 
control element 25. Control element 25 generates these 
signal based on the signals from the light sensor 36 in 
such a manner that lamp 18 is switched on automatically 
when light levels fall below a prescribed limit, and lamp 
18 is switched off when light levels exceed the prescribed 
limit. 

[0023] The charge control circuit 33 comprises, for example, a 
half-wave rectifier circuit that rectifies an alternating cur- 
rent output from the alternating current dynamo 19 to a 
direct current that supplies power storage element 32. 
The power storage element 32 may comprise, for exam- 
ple, a high-capacity capacitor that stores the direct cur- 
rent power that is output from the charg control circuit 
33. The power storage element 32 also may comprise 



secondary batteries such as nickel cadmium batteries, 
lithium ion batteries, nickel-metal hydride batteries, etc., 
in lieu of a capacitor. 

[0024] Battery replacement and recharging are unnecessary be- 
cause the power storage element 32 stores electrical 
power from the alternating current dynamo 19, and com- 
ponents such as the control element 25 are operated us- 
ing this electrical power. Monitoring remaining battery 
power and carrying along spare batteries also become un- 
necessary, and shifting can be done automatically without 
performing the cumbersome procedures required by con- 
ventional power sources. The electrical power from the al- 
ternating current dynamo 19, which conventionally is not 
employed in the daytime, can be put to effective use in 
the shift control unit 12. 

[0025] The dynamo waveform shaping circuit 34 forms a speed 
signal from the alternating current output from the alter- 
nating current dynamo 19. More specifically, a half-cycle 
is extracted from a sine wave alternating current signal, 
passed through a Schmitt circuit or other appropriate 
waveform shaping circuit, and formed into a pulse signal 
corresponding to speed. Control element 25 uses this sig- 
nal to control the automatic shifting of the internal shift- 



ing hub 10 without requiring a separate speed sensor. 

[0026] Because alternating current dynamos generally have a 

plurality of circumferentially disposed magnetic poles, the 
alternating current dynamo outputs an alternating current 
signal with a frequency related to the bicycle speed and 
the number of magnetic poles. Consequently, it is possi- 
ble to obtain a larger number of signal pulses from the al- 
ternating current signal during each wheel rotation in 
comparison with a speed signal obtainable, for example, 
from a conventional speed sensor that detects a magnet 
mounted to the bicycle wheel. Therefore, the bicycle 
speed can be accurately detected within the space of one 
wheel rotation, and shifting can be controlled in real time 
with high precision. Furthermore, since shifting is con- 
trolled based on the alternating current signal from the 
alternating current dynamo 19, it is no longer necessary 
to dispose the shift control unit 12 in the vicinity of the 
bicycle wheel. No limitation is placed on the mounting po- 
sition of the shift control unit 12. 

[0027] a s shown in Fig. 7, in this embodiment control element 
25 includes a frequency sensing circuit 52 connected to 
the alternating current generator 19 and to a reset termi- 
nal R of microprocessor 50. Frequency sensing circuit 52 



senses the frequency of the alternating current signal out- 
put by alternating current generator 19. When the fre- 
quency satisfies a certain predetermined condition (e.g., 
when the frequency falls below a predetermined frequency 
level such as 5 Hz), a High signal that is normally output 
to microprocessor 50 changes to a Low signal. Micropro- 
cessor 50 is designed to reset when a Low signal is input 
to reset terminal R. As a result, microprocessor 50 resets 
when the frequency of alternating current generator 19 
falls below a predetermined level (i.e., when bicycle speed 
falls below a predetermined level). Thus, if microprocessor 
50 encounters a system error, it will perform a reset oper- 
ation without the need for a manual reset procedure that 
imposes a burden on the rider. 
[0028] | n this embodiment, microprocessor 50 is reset when the 
frequency of the signal output by alternating current gen- 
erator 19 falls below a predetermined level. However, it 
should be understood that microprocessor 50 may be re- 
set upon the occurrence of any travel condition of the bi- 
cycle or rider. For example, Fig. 8 shows an embodiment 
wherein a voltage sensing circuit 152 is connected to the 
alternating current generator 19 and to the reset terminal 
R of microprocessor 50. Voltage sensing circuit 152 could 



comprise, for example, an ordinary smoothing circuit em- 
ploying a capacitor and diode series-connected with a 
Schmitt trigger circuit. When the output voltage of alter- 
nating current generator 19 meets a certain predeter- 
mined condition (e.g., when the output voltage falls below 
a predetermined voltage such as 2 volts), a High signal 
that is normally output to microprocessor 50 changes to a 
Low signal. Since microprocessor 50 is designed to reset 
when a Low signal is input to reset terminal R, micropro- 
cessor 50 resets when the voltage of alternating current 
generator 19 falls below the predetermined level (i.e., 
when bicycle speed falls below a predetermined level). 
[0029] pig. 9 is a block diagram of another embodiment of a 

control element 25 with a reset function. In this embodi- 
ment, microprocessor 50 may be connected to a non- 
volatile memory such as an EEPROM 53. Various operating 
information may be stored in EEPROM 53 prior to reset, 
and the stored information may be returned to the micro- 
processor 50 after the reset operation has completed. 
More specifically, in this embodiment a voltage sensing 
circuit 252 is connected to the reset terminal R of micro- 
processor 50 and also to an input/output (I/O) terminal of 
microprocessor 50. When a certain predetermined condi- 



tion is met (e.g., when the voltage of alternating current 
generator 19 falls below a predetermined level), voltage 
sensing circuit 252 outputs a reset warning signal to the 
I/O terminal of microprocessor 50. Upon receiving the re- 
set warning signal, microprocessor 50 stores in EEPROM 
53 certain data currently stored in RAM (such as cumula- 
tive distance traveled, maximum speed data, current shift 
position, various display data, data for the selected shift 
mode, etc.). After outputting the reset warning signal, 
voltage sensing circuit 252 waits for a time interval suffi- 
cient for the required information to be stored in EEPROM 
53 (e.g., 2 seconds), and then changes the High signal 
normally output to the reset terminal R of microprocessor 
50 into a Low signal. Since microprocessor 50 is designed 
to reset when a Low signal is input to reset terminal R, 
microprocessor 50 resets when the voltage of alternating 
current generator 19 falls below the predetermined level 
(i.e., when bicycle speed falls below a predetermined 
level). When the microprocessor 50 initializes after reset, 
the contents of EEPROM 53 are read out and placed in the 
RAM of microprocessor 50. As a result, it is possible to 
save information that ordinarily would be lost during re- 
set, and the bicycle operation may resume smoothly sub- 



sequent to reset. 

[0030] | n the above embodiments, a reset signal is output di- 
rectly to microprocessor 50 by a reset circuit such as a 
frequency sensing circuit 52 or a voltage sensing circuit 
152 or 252 once a predetermined condition has been met. 
Alternatively, as shown in Fig. 10, a reset circuit 55 may 
comprise a voltage sensing circuit 352 and a reset inte- 
grated circuit (IC) 51, wherein voltage sensing circuit 352 
may function as a reset activating circuit, and reset IC 51 
may function as a separate reset signal output circuit. In 
this embodiment, reset IC 51 outputs a reset signal to mi- 
croprocessor 50 when voltage sensing circuit 352 inter- 
rupts power to reset IC 51. 

[0031] | n this embodiment, voltage sensing circuit 352 has a 

power switch 352a connected to power storage element 
32, to reset IC 51 and to a power supply terminal Vcc of 
microprocessor 50. In the presence of a predetermined 
condition like those described previously, power switch 
352a interrupts the supply of power to reset IC 51 and to 
the power supply terminal Vcc of microprocessor 50, and 
a reset signal is output to microprocessor 50 by reset IC 
51. Once the predetermined condition is no longer met 
(e.g., the bicycle begins to move at speed faster than a 



predetermined level), power switch 352a turns on power 
to reset IC 51 and microprocessor 50, and microprocessor 
50 is reset. Thus, microprocessor 50 may resume normal 
operation once the power level has stabilized. 

[0032] pig. 11, is a block diagram of another embodiment of a 
control element 25 similar to the embodiment shown in 
Fig. 10, wherein features similar to that shown in Fig. 9 
are added. As shown in Fig. 11, reset IC 51 and EEPROM 
53 are connected to microprocessor 50, and a voltage 
sensing circuit 452 has a power switch 452a connected to 
power storage element 32, to reset IC 51 and to the power 
supply terminal Vcc of microprocessor 50. Voltage sens- 
ing circuit 452 also is connected to the I/O terminal of 
microprocessor 50 to provide a reset warning signal to 
microprocessor 50. 

[0033] when a predetermined condition is met, voltage sensing 
circuit 452 outputs a reset warning signal to the I/O ter- 
minal of microprocessor 50. Information to be saved then 
is output from RAM in microprocessor 50 to EEPROM 53, 
where it is stored. After a predetermined time interval, 
power switch 452a turns off power to reset IC 51 and mi- 
croprocessor 50, and a reset signal is output to micropro- 
cessor 50 by reset IC 51. Once the predetermined condi- 



tion is no longer met (e.g., the bicycle begins to move at 
speed faster than a predetermined level), power switch 
452a turns on power to reset IC 51 and microprocessor 
50, and microprocessor 50 is reset. Thus, microprocessor 
50 may resume normal operation once the power level has 
stabilized. 

[0034] while the above is a description of various embodiments 
of inventive features, further modifications may be em- 
ployed without departing from the spirit and scope of the 
present invention. For example, the frequency and voltage 
values of the predetermined conditions disclosed in the 
above embodiments are merely exemplary, and the inven- 
tion is not limited to these parameters. In the above em- 
bodiments, a predetermined condition is determined to 
have been met when voltage or frequency passes a prede- 
termined level, but instead a predetermined condition 
could be determined to have been met when voltage or 
frequency passes a predetermined level for a predeter- 
mined time interval. 

[0035] | n the above embodiments, it is determined from alternat- 
ing current generator voltage or frequency that the travel 
information satisfies a predetermined condition, but a 
predetermined condition could be ascertained from vari- 



ous sensors such as a wheel speed sensor or a crank rota- 
tion sensor. Also, while a control device directed to a bi- 
cycle gearshift device was described, inventive features 
also would be found by applying the teachings herein to 
control devices for controlling other controlled devices, 
such as a display device or a suspension device. 
[0036] Power from an alternating current generator 19 disposed 
in a dynamo hub 8 having good generating efficiency and 
low travel resistance was described in the above embodi- 
ments, but an alternating current generator that generates 
power through contact with the wheel rim or tire could be 
used. An ordinary secondary cell also could be used to 
supply power. 

[0037] The size, shape, location or orientation of the various 
components may be changed as desired. Components 
that are shown directly connected or contacting each 
other may have intermediate structures disposed between 
them. The functions of one element may be performed by 
two, and vice versa (e.g., reset IC 51 was a separate chip 
from microprocessor 50 in the disclosed embodiments, 
but alternatively these could be placed on a single chip). 
The structures and functions of one embodiment may be 
adopted in another embodiment. It is not necessary for all 



advantages to be present in a particular embodiment at 
the same time. Every feature which is unique from the 
prior art, alone or in combination with other features, also 
should be considered a separate description of further in- 
ventions by the applicant, including the structural and/or 
functional concepts embodied by such feature(s). Thus, 
the scope of the invention should not be limited by the 
specific structures disclosed or the apparent initial focus 
or emphasis on a particular structure or feature. 



